Introduction 41
Aves are one of the most diverse vertebrate classes with a huge number of species having a 42 broad range of ecological behavior and complex morphology, all of which make it difficult to 43 solve the riddles regarding their taxonomy along with phylogenetic and evolutionary 44 relationship [1] [2] [3] . New and advanced scientific techniques have emerged to solve these riddles. 45
For the last few years, genome sequencing has become more popular to obtain huge 46 information on evolutionary history and revising the clustering pattern of traditional 47 taxonomy 4 . Mitochondrial DNA with some of its inherent properties like small genome size, 48 absence of extensive recombination frequency, simple structure of genome, maternal 49 inheritance along with rapid evolutionary rate are now extensively utilized in taxonomic and 50 phylogenetic studies of vertebrates 5-10 . Furthermore, it has been reported that, complete 51 mitogenomes retain more information than a single gene regarding the evolutionary history 52 of the taxon and also provide consistent results compared to nuclear genes 11 . This also 53 reduces the effect of homoplasy and frequent stochastic errors in phylogenetic studies 11 . 54 mitogenome to quantify the differences occurring due to the alignment approach and their 91 effect on mitogenomic parameters. In addition, we have performed a detailed comparative 92 analysis on available mitogenomes of the family Leiothrichidae to understand the overall 93 species-specific differences including some potent parameters such as codon usage and 94 evolutionary history. 95
Materials and Methods 96

Sample collection and DNA extraction 97
A fresh road-killed specimen of T. affinis was collected from Anaikatty Hills in Coimbatore 98 district of Tamil Nadu, India (Fig. 1) , and transported immediately to the lab. Prior 99 permission for roadkill collection was obtained from Tamil Nadu Forest Department 100 For library preparation, 700 nanograms of extracted DNA was utilized as starting material in 114
NEBNext Ultra II DNA Library Prep kit for Illumina (New England Biolabs, USA). The 115 DNA was fragmented using focused ultrasonicator (Covaris M220, USA) until the desired 116 length of 270-300 base pairs was obtained. The fragmented DNA size was analyzed by 117 running it in Fragment Analyzer (Agilent, USA) making sure that the size of the majority of 118 DNA fragments is between 270-300 base pairs. Adaptor ligation was then carried out in a 119 thermocycler following the "NEBNext Ultra II DNA Library Prep kit for Illumina" protocol 120 using dual indexed primers present in the kit for creation of pair end libraries. After the 121 ligation reaction was completed, the size selection of Adaptor-ligated DNA was carried out 122 using NEBNext Sample Purification Beads (New England Biolabs, USA) followed by PCR 123 enrichment of Adaptor-ligated DNA following the manufacturer's protocol. After the clean-124 up of the enriched DNA, it was again analysed for the required concentration and mean peak 125 size in a Fragment Analyzer (Agilent, USA (https://tandem.bu.edu/trf/trf.html) with its default settings was employed to detect any 168 tandem repeats within the mitogenomes. A BlastN based approach to find intra-genomic 169 duplication of large fragments or interspersed repeats was employed 37 , where each 170 mitogenome was searched against itself with an e-value of 1e-10. This analysis detected a 171 negligible number of interspersed repeats, hence was not evaluated further. 172
Estimation of translational efficiency 173
This parameter measures the competence of codon-anticodon interactions indicating the 174 accuracy of the translational machinery of genes in the absence of preferred codon set 175 information. We calculated the translational efficiency according to the following equation 38 : 176
where, W= A or U, S=C or G and Y=C or U. 177 P2 > 0.5 indicates the existence of translational selection. 178
RSCU based cluster analysis and putative optimal codons 179
Generally, highly expressed genes utilize a specific set of codons termed as optimal codons. 180
Due to the preferential use of this set of codons their Enc value lowers down in contrast to 181 lowly expressed genes, which restrain more rare codons with higher Encvalue 35 . We 182 identified the optimal codons of all investigated species from their RSCU values. RSCU =1 183 indicated unbiased codon usage whereas; RSCU > 1 and RSCU < 1 indicated a higher and 184 lower usage frequency of that particular codon respectively 35 .
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The ratio ( ) of non-synonymous substitution rate per synonymous site (ka) to synonymous 187 substitution rate per non-synonymous site (ks) has been reported to be an excellent estimator 188 of evolutionary selection pressure or constrain on protein-coding genes. >1 stands for 189 positive Darwinian selection (diversifying pressure), on the contrary, <1 signifies purifying 190 or refining selection. At neutral evolutionary state, the value of becomes 1 symbolizing the 191 equal rate of both synonymous and non-synonymous substitution 39 . The mean genetic 192 distance of the annotated protein-coding genes of the studied mitogenomes were calculated in 193 terms of Kimura-2-parameter (K2P) substitution model and evolutionary rate ( ) was 194 calculated by DnaSPver 6.12.03 software 40 . 195
Results and Discussion 196
Comparison of T. affinis mitogenome assembled using reference-based and de-novo 197
assembly approach 198
In this study, we performed both, reference-based assembly and de-novo assembly of the 199 newly sequenced mitogenome of T. affinis and found a considerable difference in the results 200 between these two approaches. In reference-based assembly, the total size of the mitogenome 201 was 16,861 bp with 47% GC and 53% AT (Supplementary file 1) whereas the de-202 novo assembly resulted in 17,671 bp long mitogenome with 53.2% AT and 46.80% GC( Fig.  203 2, Table 1 ). AT and GC skewness were 0.13 and -0.38, respectively for de-novo assembly. 204
However, reference-based assembly resulted in lower AT (0.05) and GC skew (-0.14) for T. 205 affinis mitogenome. The Genbank accession number of complete T. affinis mitogenome 206
Two rRNA (rrnS for small subunit and rrnL for large subunit), 13 protein-coding genes 208 (PCGs) and 22 tRNAs specified for 20 amino acids (two tRNAs each for serine and lysine) 209 were reported in both the mitogenomes. The total length of PCGs, tRNAs and rRNAs were 210 1 0
The following results were identical for both the mitogenomes. For instance, most of tRNAs 213 (16) were distributed on the positive (+) strand except trnQ(CAA), trnA(GCA), trnN(AAC), 214 trnC(TGC), trnY(TAC) and trnS2(TCA) that were distributed on the negative (-) strand. Both 215 rRNAs along with all the PCGs, except nad6, were present on the negative (-) strand. 216
Two non-coding control regions were found and referred to as CR1 and CR2. The 5' 217 boundary of CR1 was trnT(ACA) and 3' boundary was trnP(CCA) while CR2 was present 218 between trnE(GAA) and trnF(TTC). Length of CR1 and CR2 were 1138 bp and 1159 219 bp, respectively in de-novo assembly (at parwith the other compared species) while for 220 reference-based assembly CR1 was 825bp (less than the average CR1 length of other 221 compared species by 300bp) and CR2 was 1539bp long (extra 390bp than the average CR2 222 length of compared species). The nucleotide composition of both CR1 and CR2 was 223 calculated. AT of CR1 was 54.63% (45.37% GC) for de-novo assembly and 53.68% (46.32% 224 GC) for reference-based assembly. CR2 showed 53.78% AT (46.22% GC) and 55.9% AT 225 (44.1% GC) for de-novo and reference-based assembly, respectively indicating a bias towards 226 an AT for these regions. rRNAs, tRNAs and PCGs were arranged in the following manner in 227 both the assemblies: 228
These results showed considerable differences between reference-based assembly and de-232 novo assembly. Further, we performed a limited phylogenetic analysis with both the 233 mitogenomes, and observed that de-novo assembled mitogenome performed better. The 234 phylogenetic analysis of reference-based assembled mitogenome placed 235 1 1 the taxonomy of Leiothrichidae using a set of nuclear genes with a mitochondrial PCG as a 239 phylogenetic marker. Though our phylogenetic results are limited because of the 240 unavailability of complete mitogenome sequences of other groups, still it provides supporting 241 evidences that de novo assembled mitogenome is more appropriate. 242
Nucleotide composition and translational efficiency 243
The newly sequenced complete mitogenome of T. affinis was compared with other available 244 mitogenomes from the Leiothrichidae family (Table 2) . We considered Garrulax 245 anticodon binding energy 38 . Previous studies have found that, U is preferred at the third 287 position specifically when G or C is present in the first two positions. On the contrary, when 288 the first two positions are taken by A or U; C is the 'right choice' (at third position) 38 . Thus, trnI(gat), trnI(gat) and trnQ(ttg), nad2 and trnW(tca), trnA(tgc) and trnN(gtt), trnS2(tga) and 315 trnD(gtc), trnD(gtc) and cox2, atp6 and cox3, nad3 and trnR(tcg), nad4 and trnH(gtg), 316 trnL1(tag) and nad5, nad5 and cob, cob and trnT(tgt), trnT(tgt) and trnP(tgg) (CR1) along 317 with trnP(tgg) and nad6 (Supplementary file 3) . The intergenic region between trnT(tgt) and 318 trnP(tgg) were longest ranging from 939 bp (G. cineraceus) to 1139bp (G. albogularis). 319
Overlapping regions were much shorter, ranging from 2 to 5 bp (Supplementary file 3) . The 320 highest overlapping length was between nad4l and nad4 (4bp for G. poecilorhynchus voucher 321 B33 and T. affinis, and 5 bp for other mitogenomes (Supplementary file 3) . These characters 322 revealed identical patterns for the aforementioned characteristics in the compared 323 mitogenomes. all the tRNAs were found to be folded in clover-leaf structure with dominating Watson-Crick 340 base pairing. 341
Control region of T. affinis de-novo mitogenome 342
Vertebrate mitochondrial Control Region (CR) is divided in to three domains (I, II and III) 46 
Evolutionary analysis 358
Genetic and evolutionary distance calculation revealed higher K2P distance in nad2, atp8 and 359 nad6 whereas cox1 possessed the lowest value among the Leiothrichidae family ( Fig. 9) . 360
Regarding the ka/ks analysis, the average synonymous substitution rate (Ks) for nd2 gene 361 was highest whereas non-synonymous substitution rate (ka) was highest for atp8. (ka/ks) 362 values of the protein-coding genes ranged from 0.014 to 0.183 and was in the following 363 order-cox1<cox3<nad1<cob<nad4l<atp6<nad4<cox2<nad3<nad5<nad6<nad2<atp8 of all the protein-coding genes were <1 suggesting the persistence of purifying selection 379 against deleterious mutation. Thus, the evolutionary analysis aided in understanding the 380 influence of natural selection manipulating species evolution along with the interaction 381 between selection and mutational pressure responsible for protein evolution which has been 382 already suggested 39 . 383
Conclusion 384
We report for the first time the complete mitogenome of Turdoides affinis(MN848144).We 385 find the de-novo assembly approach more appropriate than a reference-based assembly 
